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(57] ABSTRACT

This invention relates to a macro-focus zoom lens in
which five lens groups of a refractive power arrange-
ment of negative, positive, negative, positive and pOSi-
tive are allowed to have a macro-focusing function. As
zooming performs from a tele to a wide angle, a second
tens group and a fourth lens group is moved as a varia-
tor towards an 1mage, a first lens group is moved as a
compensater, and a third lens group and a fifth lens
group are fixed. When the second group and fourth
group are moved from the wide angle end to the object
side, macro-focusing becomes possible to make. This
involves less variation in aberration as compared with
macro-focusing by other methods and a lens mount is
also simple in construction.

2 Claims, 6 Drawing Figures
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1
MACRO-FOCUS ZOOM LENS

BACKGROUND OF THE INVENTION

1. Fieid of the Invention

This invention relates to a zoom lens used as a photo-
graphic lens for a 35 mm camera, TV and VTR cameras
and the like, and particularly, to a zoom lens consisting
of five groups and having a macro-photographic mech-
anism.

2. Description of the Prior Art

Recently it has a tendency that zoom lenses are
widely used as photographic lenses for a 35 mm camera,
and TV and VTR cameras, Actually, however, the
zoom lens involves

(1) Lowering of brightness of the edge of the image
field at the wide angle end arises.

(2) A break of aberration, particularly spherical aber-
ration at the tele end is large and therefore, it would be
best 1if photographing up to about 10 times of focal
length {;.s at the telephoto end could be made.

However, it is sometimes impossible to sufficiently
- take the distance from the object to the camera depend-
ing on the photographing condition, and one often
wishes to take a picture of a small object into a large size
without using other accessories. Particularly, in the
nigh magnification zoom, if the shortest photographing
distance 1s 10X fy, it is extremely inconvenient, result-
Ing in a narrow range of photographing.

Therefore, it has been recently desired that a macro-

photographing mechanism is incorporated into a zoom
lens.

SUMMARY OF THE INVENTION

This invention provides a macro-photographing
mechanism which involves no disadvantage noted
above 1n a zoom lens consisting of five groups in which
magnification changing ratio is approximately 3.3 and F
No. 1s approximately 4. The invention further provides
a macro-photographing mechanism wherein macro-
photographing is effected from the wide angle end to
less deteriorate aberrations and not to impair compact-
ness of the lens.

A zoom lens having a macro-photographing mecha-
nism incorporated therein in accordance with the pres-
ent invention comprises five lens groups of negative,
positive, negative, positive and positive in order from
the object side, wherein when zooming is performed
from a telephoto side to a wide angle side, the second
and fourth groups are moved as a variator towards an
image, the first group is moved as a compensater, and
the third and fifth groups are fixed. |

In the zoom lens constructed as described above, in
performing the macro-photographing, the following
system 1s taken into consideration:

(1) The second group is independently moved
towards the object, |

(2) the second and fourth groups are moved towards
the object at a suitable ratio, and |

(3) the second and fourth groups are moved towards
the object at substantially the same ratio as that of zoom
range. In addition to above, there is a method that the
third group or the fifth group is moved. However, it
would not be advisable to move the lens groups, which
are fixed when zooming is performed, only for the pur-
pose of macro-photographing because the lens mount
becomes complicated.
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- As the result of studies of focusing characteristics, it

has been found that the above-described system (3) is
particularly excellent. That is, FIG. 1 is a sectional view
of 2 zoom lens shown as an embodiment and a locus of
movement thereof. As will be apparent from the locus,
in the above-described system (3), the arrangement of
the lens groups except the first group is same in state as
somewhere 1n the zoom range, which corresponds to
the state wherein only the first group is delivered. For
example, in the focusing state with respect to the macro-
focus range, that is, with respect to close quarters, it will
be substantially the same state wherein the first group is
delivered through a under the state of f=b.

At this time, there produces the effects:

(1) At the wide angle side, there occurs less variation
In aberration due to the delivery of the first group, and

(2) Lowering of brightness of the edge of the image
field 1s compensated for by slightly moving the second
to fifth groups from the wide angle end to a place where
an angle of view is narrow.
These may be combined to thereby realize a macro-
photographing mechanism having high performance.

Moreover, movement of the second and fourth
groups may be shightly changed from the zoom range to
thereby further reduce the minor variation in aberration
as previously mentioned in connection with the above

(1).
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a sectional view and a moving locus view of
one embodiment of a zoom lens in accordance with the
present invention;

FIG. 2 shows aberration curves; and

FIG. 3 shows aberrations in case of macro-photo-
graphing.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A specific embodiment will be shown below. In the
following table, symbols used are as follows:

r;: radius of curvature of the i*# surface

d;: spacing on optical axis between the i surface and

the 17+ 1 surface

n;: refractive index of line d of the i*# lens

vi: the number of Abbe of the i’ lens
variable spacings in the table being such that in macro 1,
only the second and fourth groups are moved from the
wide angle end for purpose of macro-focusing, reso-
nance length 280.6 magnification 1/4.44, and in macro
2, the delivery of the first group used for focusing in the
zoom range from the state of macro 1 is added thereto,
resonance length 251.8 magnification 1/3.68

m

f 97.0 52.85  28.8 macro | macro 2
d- 0.913 13.969 38.047 32.847 35.096
dia 27.011 12.623 3.276 7.676 7.676
dig 1.779 8.514 13.647 11.047 11.047
dsa 12.699 5.963 0.831 343] 3.431
s N e o e
Embodiment = 97.0 — 28.8 FNo = 4
ol
ri = 167.347
d;y = 4.5 ng = 1.65844 v, = 50.85
N = -—519.920
dy = .1
ry = 131.827
diy = 2.0 n = 1.71300 vy = 53.94
rg = 38.000 '
dg4 = 7.33
¢ 15 = —153.440
ds = 1.5 ny = 1.75500 v3 = 52.33
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-continued
1o = 37.832
de = 3.9 ng = 1.84666 v4 = 23.83
r7 = 75.998
d'; = variable
rg = 87.981
dg = 4.88 ng = 1.69680 vs5 = 55.46
rf = —34.190
dg = 1.1 ng = 1.84666 vg = 23.83
rip = —112.137
dig = .1
rif = 165.710
d;; = 3.04 ny = 1.51680 vy = 6420
rip = —67.114
dip = .1
ri3 = 27.957
di3 = 4.0 ng = 1.51680 vg = 64.20
g = 76.952
dj4 = variabie
ri5 = 67.435
dis = 1.0 ng = 1.51680 vg = 64.20
rig = 36.999 |
dijg = 1.9
ry7 = —32.339
di7 = 1.0 nig = 1.69680 vig = 55.46
rig = 17.706
dig = 2.2 ni; = L8058 vy1 = 25.46
rig = 46.091
dj9 = varniable
g = —639.110
dop = 3.92 nyy = 1.74400 vy = 44 .87
] = —28.382
dz; = .1
rar = 68.486 )
- darry = 7.5 ni3 = 1.58913 vi3 = 61.25
ray = —21.14]
dy3z = 1.1 nig = 1.80518 vy = 25.46
rag = —35298.500
dy4 = vartable
r25 = 237.362
drs = 1.2 nis = [.71300 vy5 = 53.94
rig = 34.862 |
da = 3.4 nig = 1.68893 vig = 31.16
riy = —352.816
The present invention is constructed as described
above and exhibits excellent effects as follows:

(1) Since the arrangement of lenses is not forcibly

changed for macro-focusing, a break of aberrations is

€X

tremely small,
(2) since the second group and fourth group are

moved from the wide angle end to the narrow angle
side, the range of lens movement is not increased for the

purpose of macro-focusing and compactness of lens is
not impaired,

(3) since macro-focusing is performed by the lens

groups which move for the purpose of zooming, con-
struction of mount is simple, and

(4) movement of the second and fourth groups is

shightly changed when zooming is effected, whereby
variation in aberration can be further reduced.

What 1s claimed is:

1. A macro focusing zoom lens comprising:

a first lens group positioned near the object side and
having a negative refractive power;

a second lens group positioned after said first lens
group and having a positive refractive power;

a third lens group positioned after said second lens
group and having a negative refractive power;

a fourth lens group positioned after said third lens
group and having a positive refractive power;

a fifth lens group positioned after said fourth lens
group and having a positive refractive power;

zooming means coupled to said lens groups for zoom-
ing from a telephoto side to a wide angle wherein
said second and fourth lens groups are moved as a
variator towards an image, and where said first lens
group 1s moved as a compensator with said third
and fifth lens groups being fixed and wherein a
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- “macro-zoom focusing is performed by said focus-
Ing means by movement of said second and fourth

lens groups from the wide angle side of said lens
towards the object side.
2. A macro-focusing zoom lens as claimed in claim 1

as represented by the following table, in which table,

r;: radius of curvature of the i# surface
d;: spacing on optical axis between the i surface and
the 1"+ 1 surface

n;: refractive index of line d of the it lens

v;: the number of Abbe of the i* lens
variable spacings in the table being such that in macro 1,
only the second and fourth groups are moved from the
wide angle end for purpose of macro-focusing, reso-
nance length 280.6 magnification 1/4.44, and in macro
2, the delivery of the first group used for focusing in the
zoom range from the state of macro 1 is added thereto,
resonance length 251.8 magnification 1/3.68,

f 97.0 52.85 28.8 macro 1 macro 2
dy 0.913 13.969 38.047 32.847 35.096
dija 27.011 12.623 3.276 7.676 71.676
dig 1.779 2.514 13.647 11.047 11.047
da4 12.699 5.963 0.831 3.431 3.431

f = 97.0 28.8 FNo = 4
e e o oo P 5Pt e e s e e
ry = 167.347
d; = 4.5 ny = 1.65844 v; = 50.85
rs = —519.920
dy = .1
ry = 131.827
d; = 2.0 ny = 1.71300 vy = 53.94
rqg = 38.000
dg = 7.33
rg = —153.440
. | ds = 1.5 n3 = 1.75500 vy = 52.33
g = 37.832
de = 3.9 ng = 1.84666 v4 = 23.83
r7 = 75.998
' d7 = variable
rg = 87.981
dg = 4.88 ns = 1.69680 vs = 55.46
rg = —34,190
dg = 1.1 ng = 1.84666 vg = 23.83
rig = —112.137 |
- dig = .1
ri = 165.710
di; = 3.04 ny = 1.51680 vy = 64.20
rip = —67.114
dis = .1
r13 == 27.957
di; = 4.0 ng = 1.51680 vg = 64.20
rig = 76.952
d14 = vanable
ris = 67.415
dis = 1.0 ng = 1.51680 vg = 64.20
rig = 36.999 .
| dig = 1.9
ry7 = —32.339 -
di7 = 1.0 nig = 1.69680 vip = 55.46
rig = 17.706 |
dijg = 2.2 ny; = 1.80518 vy = 25.46
rio = 46.091
dj9 = varnabie
rag = —639.110
| dyg = 3.92 ni2 = 1.74400 vis = 44.87
r1] = —28.382 |
dy = .1
r22 = 68.486
dy; = 7.5 ni3 = 1.58913 vy3 = 61.25
i = —21.141
dr3 = 1.1 ni4 = 1.80518 vig = 25.46
rig = —5298.500
d24 = variabie
ry5 = 237.362
drs = 1.2 nis = 1.71300 vys5 = 53.94
rye = 54.862
dyg = 3.4 nig = 1.68893 vig = 31.16
77 = —352.816 |
x »x* x * ¥
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